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ABSTRACT
We report the detection of repeat bursts from FRB 171019, one of the brightest fast radio bursts (FRBs)
detected in the Australian Square Kilometre Array Pathfinder (ASKAP) fly’s eye survey. Two bursts from the
source were detected with the Green Bank Telescope in observations centered at 820 MHz. The repetitions
are a factor of ∼590 times fainter than the ASKAP-discovered burst. All the three bursts from this source
have consistent pulse widths and evidence for steep spectra. They also show strong spectral modulation, whose
spectral characteristics are inconsistent with diffractive interstellar scintillation. The two repetitions were the
only ones found in an observing campaign for this FRB totaling 1000 hr which also included ASKAP and
the 64-m Parkes radio telescope, over a range of frequencies (720–2000 MHz) and at epochs spanning two
years. The inferred scaling of repetition rate with fluence of this source agrees with the other repeating source,
FRB 121102. The detection of faint pulses from FRB 171019 shows that at least some single-burst FRBs will
repeat if follow-up observations are conducted with more sensitive telescopes.
Keywords: Radio transient sources (2008), Transient sources (1851), Fast radio bursts
1. INTRODUCTION
We are now starting to unravel the enigmatic astrophys-
ical phenomenon of fast radio bursts (FRBs), millisecond
duration transient events first discovered over a decade ago
(Lorimer et al. 2007). The observed dispersion measures
(DMs) of FRBs significantly exceed the expected contribu-
tion from the Milky way (Thornton et al. 2013), suggest-
ing extragalactic origins. The localization of several bursts
sources (Tendulkar et al. 2017; Bannister et al. 2019a; Ravi
et al. 2019) unequivocally places them at cosmological dis-
tances; nevertheless, their physical origin has yet to be deter-
mined.
Corresponding author: Pravir Kumar
pravirkumar@swin.edu.au
There are currently about 100 FRBs published (Petroff
et al. 2016)1, most of which have only been detected once.
The repeat bursts from FRB 121102 (Spitler et al. 2016)
enabled precise localization of the burst source and the iden-
tification of its host galaxy (Chatterjee et al. 2017; Ten-
dulkar et al. 2017). The existence of repetitions ruled out
cataclysmic progenitor scenarios for the origin of its emis-
sion. Since its discovery, more than 100 bursts (Zhang
et al. 2018; Hessels et al. 2019) have been detected from
this source in a broad range of frequencies, from as high
as 8 GHz (Gajjar et al. 2018) to as low as 600 MHz (Jose-
phy et al. 2019). The discovery of second repeating source
FRB 180814 (CHIME/FRB Collaboration et al. 2019a) with
properties similar to FRB 121102, strengthened evidence for
the existence of a substantial population of repeating FRBs.
1http://www.frbcat.org; visited 26/08/2018.
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Table 1. Details of FRB 171019 follow-up observations
Telescope Receiver Gain Tsys Central Frequency Bandwidth Beam FWHM Sensitivitya Obs. Time
(K/Jy) (K) (MHz) (MHz) (′) (Jy ms) (hr)
ASKAP PAF 0.1 50 1297.5 336 60 51.8 986.6
Parkes Multibeam 0.7 23 1382 340 14 1.10 12.4
GBT Prime Focus 1 2.0 20 820 200 15 0.27 9.7
GBT L-band 2.0 20 1500 800 9 0.13 0.9
aThe limiting fluence for a pulse width of 5 ms and S/N threshold of 7.5σ for GBT, 9.5σ for ASKAP and 10σ for Parkes.
Recently the CHIME telescope reported detection of eight
new repeating FRB sources (CHIME/FRB Collaboration
et al. 2019b).
With the first localization of the ostensibly one-off (sin-
gle pulse detection, which has not been shown to repeat)
FRB 180924 to a position 4 kiloparsecs from the center of
a luminous galaxy at a redshift of z = 0.32 (Bannister et al.
2019a), we have entered a new era of FRB astronomy. Its
massive (∼ 1010M) host galaxy is in stark contrast with
the low-mass (∼ 108M), low-metallicity dwarf galaxy of
the repeating source FRB 121102 (Tendulkar et al. 2017),
thus raising questions whether there are multiple FRB for-
mation channels. Recently, another burst (FRB 190523) has
also been localized to 10′′× 2′′ uncertainty, and associated
with a massive (∼ 1011M) host galaxy (Ravi et al. 2019),
partially based on the agreement between the burst DM
(760.8 pc cm−3) and the galaxy redshift (z = 0.66).
One of the most exciting open questions is the relation-
ship between the repeating and one-off FRB sources. It is
not clear whether all FRBs repeat. Are there two (or more)
classes of FRBs or are the one-off FRBs just the most en-
ergetic bursts from a repeating source? The absence of re-
peat bursts even after hundreds of hours of follow-up (Ravi
et al. 2015, 2016) and the diversity in properties (e.g., tempo-
ral structure and polarization) of one-off FRBs could be ev-
idence for multiple populations of FRBs (Caleb et al. 2018;
James 2019). However, in a recent analysis, Ravi (2019) has
suggested that the volumetric rate of one-off FRBs is incon-
sistent with the rate of all possible cataclysmic FRB progen-
itors and concludes that most FRBs are repeating sources.
Among the strongest constraints on FRB repetition so far
come from Shannon et al. (2018) with the discovery of 20
FRBs in the first Commensal Real-time ASKAP Fast Tran-
sient (CRAFT2; Macquart et al. 2010) survey. The survey
was conducted using a “fly’s eye” configuration to maximize
sky coverage at a Galactic latitude of |b| = 50± 5 deg and a
central frequency of 1.3 GHz. The survey produced a well-
2https://astronomy.curtin.edu.au/research/craft/
sampled population of FRBs and established a relationship
between burst dispersion and observed luminosity. The mean
spectral index for these bursts is found to be similar to that of
the normal pulsar population (Macquart et al. 2019). A key
feature of the survey was that it revisited the same positions
hundreds of times over its duration, producing ∼ 12,000 hr
(Shannon et al. 2018; James et al. 2019) of self follow-up ob-
servations. No repeat bursts from detected FRBs were found
in the survey.
One possible reason for the lack of repeat detections is that
ASKAP is insufficiently sensitive to faint repetitions from the
bursts. Conducting follow-up observations with more sensi-
tive instruments will be more effective; for example, Parkes
has a repeat detection rate ∼ 104 times greater than ASKAP,
assuming the luminosity distribution follows a power-law
where, above some luminosity L, the number of detections
N(> L)∝Lα assuming α = −2 (Connor & Petroff 2018). To
complement the ASKAP self follow-up, we have also been
conducting sensitive monitoring campaigns of ASKAP de-
tections with the 64-m Parkes radio telescope and the 110-m
Robert C. Byrd Green Bank Telescope (GBT). The arcminute
localizations of FRBs, made possible by the multi-beam de-
tection (Bannister et al. 2017) using ASKAP’s phased-array
feed (PAF) enabled the follow-up of FRB field with large
aperture telescopes.
In this letter, we report the discovery of repetitions from
FRB 171019, one of the brightest bursts found in the ASKAP
fly’s-eye survey. The burst was∼ 5 ms wide with a measured
fluence of 220 Jy ms (Shannon et al. 2018). The observed
DM was 460 pc cm−3, a factor of 11 in excess to the NE2001
model’s (Cordes & Lazio 2002) prediction along that line of
sight. In Section 2, we describe the observational campaigns
for this FRB. In Section 3, we present the properties of the
repeat pulses. In Section 4, we discuss the implications for
the FRB population as a whole.
2. OBSERVATIONS AND DATA PROCESSING
We searched for repeat pulses from FRB 171019 using
ASKAP, Parkes, and the GBT. The observational details of
all three telescopes used are summarized in Table 1. Each
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Figure 1. Timeline of follow-up observations of FRB 171019. Each row represents a set of observations from a given radio telescope. Observations with bursts
are encircled with red. The first repeat burst is found in be observation dated 2018 July 20 and the second one on 2019 June 09.
telescope was pointed at the position of FRB 171019 reported
in Shannon et al. (2018), i.e., R.A. = 22h17m32s and Dec.
= −08◦39′32′′ (J2000.0 epoch). This position was obtained
with 10′× 10′ uncertainty (90% confidence) as described in
Bannister et al. (2017). As such, the positional uncertainty
was well within the full-width at half maximum (FWHM) of
the follow-up telescopes. Figure 1 shows a timeline of the
radio observations of FRB 171019. These observations are
part of a multi-telescope follow-up program of all ASKAP
detected FRBs (Osłowski et al. 2019, in preparation).
2.1. ASKAP Searches
ASKAP follow-up was conducted in fly’s eye configura-
tion with each antenna pointing at a different position in the
sky, and the survey regularly revisiting the same positions
(Shannon et al. 2018). FRB searches are performed in near-
real-time using FREDDA (Bannister et al. 2019b), a GPU-
based implementation of the fast dispersion measure trans-
form algorithm (FDMT, Zackay & Ofek 2017). For a de-
scription of the detection methods and search pipeline, see
Bannister et al. (2017). We found no other astrophysical
events at similar DMs of FRB 171019 exceeding a thresh-
old signal-to-noise ratio (S/N) of 9.5 (which corresponds to a
fluence sensitivity of 52 Jy ms for a pulse duration of 5 ms)
in 987 hrs of observations.
2.2. Parkes Searches
At Parkes, we used the 20-cm multibeam receiver to search
for bursts from FRB 171019, using the Berkeley-Parkes
Swinburne Recorder (BPSR) mode of the HI-Pulsar system
to record full-stokes spectra with 64 µs time and 390 kHz
frequency resolution (Staveley-Smith et al. 1996; Price et al.
2016). The search process (Osłowski et al. 2019) was similar
to that of the SUrvey for Pulsars and Extragalactic Radio
Bursts project’s “Fast” pipeline (SUPERB, details in Keith
et al. 2010; Keane et al. 2018). The online pipeline stored
the 8-bit data stream from all 13 beams in a ring buffer over
the bandwidth of 340 MHz centered at 1382 MHz. The data
were then searched using Heimdall (Barsdell et al. 2012)
up to a maximum DM of 4096 pc cm−3 with a tolerance (S/N
loss tolerance between each DM trial) of 20 %. The transient
pipeline sorts candidate FRB events from radio interference
using the methods detailed in Bhandari et al. (2018). The
pipeline searched for bursts above a threshold S/N of 10,
thus sensitive up to a fluence of 1.1 Jy ms for a burst of width
similar to FRB 171019. No bursts were found in all the 12.4
hr of observations at the dispersion measure of FRB 171019.
2.3. GBT Searches
The GBT observations were obtained with the Prime Focus
1 and L-band receivers (details in Table 1), and data recorded
with the Green Bank Ultimate Pulsar Processing Instrument
(GUPPI; DuPlain et al. 2008). Each pointing was sampled
with a time resolution of 81.92 µs and 2048 frequency chan-
nels (512 channels for the L-band receiver), and written to a
PSRFITS format file with full-Stokes parameters.
To search the GBT data for bursts, we first converted the
PSRFITS data to total intensity SIGPROC3 filterbank format.
The dynamic spectra were then normalized to remove the re-
ceiver bandpass by scaling each channel data to a mean of
zero and standard deviation of unity. Using the PRESTO4
(Ransom 2001) tool rfifind and the median absolute de-
viation statistics, we identified bad channels affected by radio
frequency interference (RFI). The resulting data were then
searched using Heimdall for dispersed pulses. We per-
formed two searches: A narrow search within the DM range
of 446 to 474 pc cm−3 over 220 trials using a tolerance of 1%
and then a wider search in a DM range of 0 to 2000 pc cm−3
with a tolerance of 5%. Candidates satisfying the following
criteria were retained for further analysis: S/N ≥ 6.5 (7.5
for the wider search), pulse width≤ 41.94 ms and members5
≥ 2. For GBT L-band data, we also apply a minimum thresh-
3http://sigproc.sourceforge.net
4https://github.com/scottransom/presto
5Number of individual boxcar/DM trials clustered into a candidate
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Figure 2. Dynamic spectra for both repeat bursts detected at GBT and ASKAP FRB 171019 dedispersed at their optimal DM. From left:
Repeat burst 1 (resolution = 1.31 ms), Repeat burst 2 (resolution = 2.62 ms), ASKAP FRB 171019 (resolution = 1.26 ms). For each burst, the
top panel shows the flux density averaged over frequency channels.
Table 2. Properties of detected bursts. Bursts properties calculated for full bandwidth appear in numbered rows and for
lower half band in row next to them in chronological order.
No. Telescope TOAa Fluenceb Gaussian FWHM Integrated Spectral Index DMe
(MJD) (Jy ms) (ms) S/Nc (pc cm−3)
0 ASKAP 58045.56061371(2) 219 ± 5 5.4 ± 0.3 24.8 −12.6 ± 1.4 461 ± 1
5.2 ± 0.2 32.4 −9.9 ± 2.0
1 GBT 58319.356770492(1) 0.60 ± 0.04 4.0 ± 0.3 15.2 −7.8 ± 1.2 456.1 ± 0.4
1.11 ± 0.07 4.2 ± 0.3 16.7 −0.9d ± 1.8
2 GBT 58643.321088777(1) 0.37 ± 0.05 5.2 ± 0.8 7.9 −13.2 ± 2.8 457 ± 1
0.61 ± 0.07 3.7 ± 0.5 9.1 −9.6 ± 3.3
aBurst time of arrival is referenced at the highest frequency (1464 MHz for ASKAP and 920 MHz for GBT). The ASKAP
burst arrival time is measured in TAI, while GBT burst arrival times are in UTC. Uncertainties are in parentheses.
bSEFD curve of GBT-820 MHz is taken from https://science.nrao.edu/facilities/gbt/proposing/GBTpg.pdf. For ASKAP
burst, fluence is taken from Shannon et al. (2018). Fluence error ranges correspond to an uncertainty of one in S/N.
c S/N is the signal-to noise ratio calculated with width of the pulse as twice the Gaussian FWHM.
dSpectral index for fit obtained in in top 75% of the lower half band is −6.0 ± 2.8.
eDM for ASKAP burst has been corrected from the value in Shannon et al. (2018) to account for an identified 1 MHz offset
in frequency labelling.
old for pulse width (0.65 ms) to mitigate false-positives pro-
duced by spurious narrow-band short-duration candidates.
We used deep neural network trained models, as developed
by Agarwal et al. (2019)6 to perform the FRB/RFI binary
classification of the candidates. Following their prescription,
6All 11 trained models are taken from https://github.com/devanshkv/fetch
we created de-dispersed frequency-time and DM-time im-
age data for each candidate which were then classified using
keras (Chollet et al. 2015) with the TensorFlow (Abadi
et al. 2016) back-end. We took the intersection of all the 11
model predictions and visually inspected each one of the re-
sulting FRB candidates to identify astrophysical pulses. We
found two bursts at similar DM to that of FRB 171019 in the
observations.
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Figure 3. Burst spectra and autocorrelation functions. Upper panels: Burst spectra. From left: Repeat burst 1 (∆ν = 0.39 MHz), Repeat burst
2 (∆ν = 0.39 MHz), ASKAP detection (∆ν = 1 MHz). Red lines are smoothed spectra (using a Gaussian kernel with standard deviation of 4
MHz). Grey lines are off pulse baseline spectra, and are offset from zero for clarity. Horizontal lines show zero power for both the on and off
pulse spectra. Bottom panels: Autocorrelation function of the time-averaged spectrum of bursts. From left: Repeat burst 1 (∆ν = 0.39 MHz),
Repeat burst 2 (∆ν = 0.39 MHz), ASKAP detection (∆ν = 1 MHz). The zero lag value, which is associated with self noise present in spectrum,
has been removed.
2.4. GBT Periodicity Searches
We also conducted a search for periodicity in the GBT
data using Fourier domain searching with PRESTO’s
accelsearch as well as a time domain Fast Folding Al-
gorithm (FFA7) package riptide. Before searching, RFI
affected frequency channels and time blocks were identified
using rfifind and masked. The data were corrected for
dispersion over 240 trial DMs evenly spaced from 400 to
520 pc cm−3, generating a time series at each trial. We used
dedisp (Barsdell et al. 2012), a GPU-accelerated package
to create time series. For the FFA-based periodicity analysis,
we searched periods ranging from 0.2 s to 10 s. We detected
no significant periodic astrophysical signal in the data above
a S/N threshold of 10.
3. THE REPEAT BURSTS
The two repeat bursts were detected in 820-MHz GBT ob-
servations 9 and 20 months after the initial ASKAP detection,
and are marked with red circles in Figure 1. The dynamic
spectra of the bursts are shown in Figure 2, along with the
original detection at ASKAP. All three bursts are visible in
the lower half of the band (Table 2) but not detected in the top
half. We find no underlying temporal sub-structure in the dy-
namic spectrum of either repeat burst. To measure the width
of the bursts, we fit the frequency-averaged pulse profile with
a Gaussian model and report the FWHM; both bursts are ap-
7Based on https://bitbucket.org/vmorello/riptide
proximately 4.5 ms in duration. The maximum DM smear-
ing across a channel for the GBT data is 1.0 ms, thus both
bursts are intrinsically wide. For reference, we also calculate
the properties of ASKAP detection. The time resolution for
ASKAP data is 1.26 ms with a maximum DM smearing of
2.66 ms present within a channel. The burst properties ob-
tained from full band as well as from the lower half of the
band are listed in Table 2.
3.1. Scattering and dispersion analysis
To obtain scattering timescales and burst DMs, we per-
formed multi sub-band modelling of the burst pulse profiles
using the nested sampling method Dynesty (Speagle 2019)
implemented in the parameter estimation code Bilby (Ash-
ton et al. 2019). We modeled each of the pulse profiles to be
a Gaussian convolved with an exponential pulse broadening
function. The broadening time τ was assumed to vary with
frequency with a fixed index, τ ∝ ν−4. We modeled both in-
terchannel dispersion delay (which causes the pulse to arrive
at different times in different subbands) and intrachannel dis-
persion smearing (which increases the pulse width in quadra-
ture with an intrinsic width). For the ASKAP pulse, we mea-
sured the scattering timescale to be 1.0+0.2−0.3 ms, at a reference
frequency of 1 GHz. For the repeat bursts, we grouped the
lower half band of the data into four sub-bands to perform the
analysis; we measured the scattering time scales (referenced
to 1 GHz) to be 0.8+0.4−0.4 ms and 1.3
+0.5
−0.3 ms for first and second
repeats, respectively. The scattering timescales are consistent
between all three bursts. In contrast, the optimized DMs of
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the bursts, shown in Table 2 suggest that the repetitions have
a different apparent DM than the higher-frequency ASKAP
detection.
3.2. Polarization Properties
We extracted the GBT/GUPPI data for detected repeat
bursts using dspsr (van Straten & Bailes 2011) producing
a full-Stokes archive file. We found no evidence for linear
or circular polarization in the pulse data. It is possible that
the non-detection of linear polarization is the result of Fara-
day rotation of the burst through magnetized plasma. We
searched for Faraday rotation using the PSRCHIVE (Hotan
et al. 2004; van Straten et al. 2012) rmfit routine in the
range |RM| ≤ 3× 104 radm−2 (this is the RM at which the
polarization position angle rotates by one radian in one fre-
quency channel at the centre of the band), but no significant
RM (rotation measure) was found. We note that no polariza-
tion calibration procedures were conducted during GBT ob-
servations. For the ASKAP burst, only the total intensity data
were retained and hence, no polarimetric properties could be
derived from this burst.
3.3. Spectral Properties
The spectrum for each burst shown in Figure 3 was formed
by integrating the signal over the time samples within twice
the measured FWHM of the frequency-averaged pulse. The
amplitude of each spectrum was then scaled to fluence, using
the system equivalent flux density (SEFD) and the radiometer
equation. The fluence of all three bursts show decreasing
dependence on frequency. We characterized this by fitting a
power-law model to the spectra Eν ∝ να. Spectral indices, α
obtained from the fits to individual spectra are in Table 2. All
three bursts show steep spectrum in the observed bandwidth
with α ranging from −13 to −8.
Off-axis attenuation is unlikely to significantly change the
fluences or spectral indices of the repetitions. Based on the
posterior distribution from the ASKAP multi-beam localiza-
tion in Shannon et al. (2018), the median correction to the
fluence results in an increase of 8%, and is < 24% with 90%
confidence. The median spectral index correction is −0.07,
and with 95% confidence is less than < −0.2. This analysis
assumes the GBT beam can be modeled as a Gaussian with
an FWHM (beam width) of 15′at 820 MHz (Table 1). We
rule out any primary beam offset as the cause of the observed
steep spectra for the GBT pulses.
To characterize the spectral modulation in the bursts, we
calculate the autocorrelation function (ACF) of the burst
spectra (Farah et al. 2018) as shown in Figure 3. We fit
the ACF with Gaussian component models using a non-linear
optimization approach (Newville et al. 2016) to find the fre-
quency scales of characteristic modulation in spectra. We de-
tect two characteristic frequency scales in the ASKAP spec-
trum of band extent 13 MHz and 147 MHz. For the first
repeat burst spectrum, the ACF can be best described with a
single component (100 MHz), which is the total bandwidth
over which the pulse is visible. We observe a bright spike
in the spectrum (at ∼ 776 MHz), but its width is compara-
ble to the channel width. It is unclear if this is astrophys-
ical or RFI. For the second burst, apart from the frequency
scale of 82 MHz, we also see marginal evidence for a second
component (7 MHz wide). However, since the second com-
ponent is not present in an analysis of the lower half of the
band where the burst is bright, it is most likely due to RFI
or noise fluctuations. We also estimate the amplitude of the
spectra variability using the square of the modulation index
m2, by computing the mean-normalized spectral autocovari-
ance (Macquart et al. 2019) from the spectrum of bursts. The
estimated values of m2 for the three bursts are 2.4, 1.1 and
1.9 respectively.
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Figure 4. Posterior distribution for burst rate parameters. The
rate R0 has been scaled to ASKAP sensitivities and frequencies
(52 Jy ms; see Table 1).
3.4. Inferring the repetition rate
We use Bayesian methodology to characterize the repeti-
tion statistics of FRB 171019, given the detection of pulses
with ASKAP at 1.3 GHz, the GBT at 820 MHz, and the non-
detections with the GBT at 1.5 GHz and Parkes at 1.3 GHz.
We assume that the cumulative burst rate above a fiducial flu-
ence S at a frequency ν is
R(> S,ν) = R0
(
S
S0(ν)
)α
, (1)
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where R0 is the rate of bursts above fluence
S0(ν) = S0
(
ν
ν0
)β
(2)
at a frequency ν0.
The event rate in a survey i of total integration time Ti
will follow Poisson statistics with rate parameter λi = TiR(>
Si,νi), where νi is the observing frequency of the survey and
Si is the survey sensitivity. In this case we can infer the pa-
rameters in the survey R0, α and β using the likelihood
L =
Ns∏
i=1
1
ni!
e−λi (λi)ni , (3)
where ni is the number of bursts found in survey i = 1 to Ns.
We sample the posterior distribution using the multinest
algorithm (Feroz et al. 2009) assuming uniform priors on
α and β (−10 < α,β < 10), and logarthmic priors on R0
between 10−6 and 1 hr−1, where the reference frequency
ν0 = 1.3 GHz and sensitivity S0 = 52 Jy ms. We do not take
into account the spectral index obtained for bursts (Table 2)
in this repetition analysis, which allows for an independent
estimation of the spectral index. The posterior distribution is
shown in Figure 4. We find that the slope of the burst inten-
sity distribution is constrained to be between −1.5 . α . 0.
The value depends strongly on the spectral dependence of
the burst emission rate β. The inferred steep values of β
(β  −1.5, with the lower prior acceptable) are consistent
with the observed spectra (in the case the spectral occupancy
is attributed to a steep power-law process), but inconsistent
with the ASKAP population overall (Macquart et al. 2019).
The observed shallow values of α are consistent with obser-
vations of the first repeating FRB 121102 (Law et al. 2017).
4. DISCUSSION AND CONCLUSIONS
The bursts in FRB 171019 extend over the range of 219
Jy ms to 0.37 Jy ms, a fluence range of ∼ 590 which is com-
parable to what has been observed in FRB 121102 (Zhang
et al. 2018; Hessels et al. 2019). The wide range in observed
fluences shows that like Galactic pulsars and magnetars, re-
peating FRB sources can emit pulses with a wide range of lu-
minosities, and that repeating sources can emit bright pulses
like the initial ASKAP detection. The inferred isotropic peak
luminosity of bursts ranges from L ∼ 6× 1043 erg s−1 to
L ∼ 6× 1040 erg s−1, nearly 3 orders in magnitude. Models
for burst emission need to account for this wide range.
We find evidence for variations in the apparent DMs of the
pulses. It is unclear whether the difference is genuine DM
variation or due to non-dispersive effects as been observed in
FRB 121102 (Hessels et al. 2019). All three bursts are tem-
porally resolved with similar widths. We note that the pulse
width of the second repeat burst is less reliable when mea-
sured in the whole band due to the presence of RFI in the up-
per half of the band. However, taking the DM smearing and
sampling time into account, the intrinsic width of all bursts
are consistent within uncertainties. We find no evidence for
sub-structure in the pulse profile as seen in other FRBs (Farah
et al. 2018; Hessels et al. 2019).
All of the bursts from FRB 171019 are only visible in lower
half of their respective bands, indicating an extremely steep
spectrum. If we assume this steep spectrum (∼ −9) to be
the case, it provides a very natural way to understand the
detection of repetitions from this source in the context of
all the non-detections (Shannon et al. 2018; James 2019)
from other ASKAP FRBs (assuming a non-negligible frac-
tion are repeaters). It would make this burst at least a fac-
tor of (νASKAP/νGBT)9 ≈ 60 fainter at the centre frequency
of ASKAP. In that scenario, the fluence discrepancy between
ASKAP and the GBT detection is actually > 104, assum-
ing a constant spectral index which makes FRB 171019 spe-
cial within the ASKAP population of flatter spectrum FRBs
(Macquart et al. 2019). However, we are cautious not to over-
interpret this result. The spectral index measurement might
not be a correct approach (Sokolowski et al. 2018) when the
signal is present only in a part of the band.
The band extent of spectral features differs between
ASKAP and GBT pulses and is inconsistent with diffractive
scintillation. The burst exhibited a large degree of spectral
modulation in the original ASKAP detection. It was not clear
whether the bright structures were intrinsic to the burst or due
to propagation effects (Macquart et al. 2019). If the spectral
structures observed in the ASKAP detection were the result
of diffractive scintillation, we would expect the band extent
of the structures present in the GBT pulses to be factor of
(νGBT/νASKAP)−4 ≈ 6 smaller. The widest structures in the
ASKAP burst (width approximately half the band) would be
observed to be ∼ 25 MHz wide in the GBT spectrum. How-
ever, we only see evidence for structures much wider than
this in the GBT observations. We do not find any conclusive
evidence of diffractive scintillation in repeat bursts. It is not
clear if this spectral modulation is similar to patchy emis-
sion, seen in the FRB 121102 (Masui et al. 2015; Michilli
et al. 2018), or if the pulses have intrinsically steep spectra.
The other published repeating burst sources (Hessels et al.
2019; CHIME/FRB Collaboration et al. 2019a) share com-
mon features such as spectra variability, sub-structures in
their dynamic spectrum, and sub-components in pulse pro-
file. We do not observe any of these features in all three
bursts. These distinctions are notable given that FRB 171019
comes from a different population of bright FRBs (Shannon
et al. 2018) than CHIME detections (CHIME/FRB Collabo-
ration et al. 2019c) and FRB 121102. The host galaxy of the
localized burst from the ASKAP population (FRB 180924;
Bannister et al. 2019a) originates from a galaxy significantly
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different to that of FRB 121102. It will be interesting to
see if all repeating FRBs have similar environments as of
FRB 121102. If not, it could be indicative of a different
channel for producing repeat burst sources. The detection
of further repetitions from this source8 and localization to
a host galaxy will be key to understanding the nature of
FRB 171019 and its relation to other repeating burst sources.
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